We sought to evaluate the prevalence of medication understanding and non-adherence of entire drug regimens among kidney transplantation (KT) recipients and to examine associations of these exposures with clinical outcomes. Structured, in-person interviews were conducted with 99 adult KT recipients between 2011 and 2012 at two transplant centers in Chicago, IL; and Atlanta, GA. Nearly, one-quarter (24%) of participants had limited literacy as measured by the Rapid Estimate of Adult Literacy in Medicine test; patients took a mean of 10 (SD=4) medications and 32% had a 
INTRODUCTION
Kidney transplantation (KT) requires lifelong treatment with immunosuppression medications to prevent rejection of the transplanted graft. In 2013, more than 16 000 endstage renal disease (ESRD) patients received a KT, but one-third of deceased donor and onefifth of living donor organs fail within 5 years, primarily due to host rejection of the graft. 1, 2 To prevent graft failure and life-threatening, costly complications, transplant recipients must closely adhere to immunosuppressive (IS) medication regimens that require constant monitoring of therapeutic levels. 3 However, transplant recipients' medication regimens are exceedingly complex and dynamic, involving frequent physician visits, laboratory tests, and lifestyle and dietary modifications.
According to the World Health Organization, medication adherence is defined as a patients' ability to follow recommended treatment plans and is influenced by health system, social and economic, condition-related, therapy-related, and patient-related factors. 4 Based on pooled estimates from published studies, up to one-third of solid organ transplant recipients may have IS non-adherence during the course of a year, [5] [6] [7] leading up to 36% of kidney allograft losses. 8 At 3 years post-transplantation, non-adherence among KT recipients may cost up to $33 000 per patient. 3 In addition, there is a strong body of literature showing a prevalence of non-adherence to other medications of about 50% and associations with poor disease control. [9] [10] [11] Non-adherence results in about 125 000 deaths per year, and 33-69% of hospital admissions are related to non-adherence. 12, 13 A meta-analysis of 46 studies identified poorer social support, self-reported health, and nonwhite ethnicity as risk factors for medication non-adherence. 7 The prevalence and risk factors for non-adherence, [5] [6] [7] [8] 14 health literacy, 15 and medication forgetfulness 16, 17 have been described among KT recipients. 7 However, further mechanisms such as medication knowledge (e.g., knowing what one's medications are for), dosing frequency, medication changes, and medication regimen complexity have not been investigated as risk factors for unintentional non-adherence. Several studies in the general chronic disease population have found that patients may overcomplicate drug regimens and space them out inefficiently and that limited literacy is a risk factor for this behavior. 18 Furthermore, patients may have a difficult time comprehending medication labels and have limited ability to name their medications with resultant unintentional non-adherence and adverse clinical outcomes. [19] [20] [21] [22] [23] Given the complex clinical context of transplantation where patients are expected to start taking many new medications with frequent dosing changes, in this study, we sought to examine less well-studied contributors to non-adherence and specifically to examine the prevalence of KT recipients' treatment knowledge, demonstrated regimen use, and adherence to their prescribed IS and non-IS medication regimens. We aimed to evaluate both patient and regimen-specific risk factors for non-adherence, treatment knowledge, and demonstrated regimen use and to examine associations between these behaviors and posttransplant outcomes, including hospitalization, acute rejection, and infection.
PATIENTS AND METHODS
We conducted in-person, structured interviews and used electronic medical record (EMR) data abstraction to examine associations between kidney transplant recipients' treatment knowledge, demonstrated regimen use, medication adherence, and clinical outcomes that occurred 12 months following the interview, including acute rejection, infection, and hospitalization.
Theoretical framework
Our conceptual framework that provides the justification for the study (Fig. 1) was to examine the competencies KT recipients possessed when navigating the many different cognitive and behavioral tasks associated with taking multidrug regimens and to demonstrate how these competencies impact overall adherence and health outcomes. The framework that we cite is a synthesis of numerous health literacy research studies that have been previously published and validated. [18] [19] [20] [21] [22] [23] [24] The patient must first fill the prescription, because prior studies have found that failure to fill medications is a proxy for primary adherence. 25, 26 Next, the patient should be able to correctly name, identify, and understand the medication, as inability to identify medications and misinterpretation of medication instructions can lead to poorer chronic disease outcomes. 19, 27 The third step is organization of multiple medications into the appropriate dosing frequency, as many patients overcomplicate their drug regimen by not consolidating a complex regimen to fewer times per day. 18 Next, actually taking the medication at the correct dosage is essential, because this may be a challenge for patients who misunderstand correct dosage. 28, 29 For those who are on complex or multiple medications, monitoring medication changes is essential; up to half of patients may misinterpret common warnings of medicines, and knowledge of potential side effects or risks may allow patients to seek appropriate action to address these issues. 19, 30, 31 Finally, patients must sustain medication behaviors indefinitely to achieve medication selfmanagement. This conceptual framework motivated the current work in transplant recipients, where we aimed to describe the prevalence of medication self-management as measured by these multiple important steps and to examine how these medication behaviors related to post-transplant outcomes.
Study population
English-speaking kidney or kidney/pancreas transplant recipients aged 18 and older were recruited from two transplant centers in Chicago, IL; and Atlanta, GA from December 2011 to December 2012. The EMR at each site was used to identify eligible patients with upcoming transplant clinic appointments. Patients at both sites were reached via telephone and invited to participate in interviews the same day as their follow-up appointments at the transplant clinic. Exclusion criteria included factors that would preclude participation in a structured interview, including limited English proficiency, severe cognitive, hearing, or vision impairment, and receipt of a transplant within the past 30 days. Patients who underwent transplant within the past 30 days were excluded as it was felt to be too burdensome for them to undergo detailed interviews after having undergone a major surgical procedure.
Study procedures
Site principal investigators trained research assistances in all study protocols to ensure compliance with the study procedure. Multiple trainings were held, and study staff held weekly check-in calls to discuss any study issues. Trained research assistants performed structured, in-person interviews with study participants, lasting about 45 minutes. Surveys were also administered during the interview and included baseline demographic information and assessments of literacy, cognitive function, social support, treatment knowledge, demonstrated regimen use, and self-reported medication adherence as described below.
English proficiency was assessed by asking patients what language they felt comfortable speaking and how well they speak English. If patients stated they spoke English "not at all" or "not well," they were excluded. Cognitive impairment was tested with a validated sixitem screener, which tested orientation and three-item recall. 32 Baseline demographic data and time since transplant were collected for all eligible patients. Written informed consent was obtained from all participants on the interview date. The Institutional Review Boards at each site approved study protocols and procedures.
Study measures
A general sociodemographic survey was administered to all participants. Social support was measured using the six-item Lubben Social Network scale. 33 Adult literacy was assessed using a validated scale commonly employed in health literacy research, the Rapid Assessment of Adult Literacy in Medicine (REALM) test. 34 Global cognitive function was measured using the Mini-Mental State Examination (MMSE), where mild cognitive impairment was defined as a score of 18-23 and severe cognitive impairment was defined as a score of 0-17. 35 Participants were asked to bring all of their medicine bottles to the study interview; in cases in which actual medication vials were not available, the current medication list was used to assist the interview. Medications were classified into three groups: transplant IS (e.g., tacrolimus, sirolimus, prednisone, and mycophenolate mofetil), transplant non-IS (e.g., nystatin, valganciclovir, and trimethoprim sulfamethoxazole), and chronic disease medications (e.g., antihypertensives, hyperglycemics). Short duration medications (e.g., analgesics, antibiotics) and over-the-counter medications were excluded from the analyses. For each medication, we assessed treatment knowledge, demonstrated regimen use, and medication adherence.
Medication knowledge-Knowledge
of one's prescribed medication regimen was determined by asking participants if they knew the indication for each medication; if they stated yes, they were asked to state the indication. 21, 27 A treatment knowledge score was calculated by determining the mean percentage of correct response for all medications. One of the physician study co-investigators coded responses as correct or incorrect, blinded to patient characteristics.
Demonstrated regimen use-Based
on an approach used by members of our study team 18 and in other randomized clinical trials, 36,37 demonstrated proper use was evaluated by having participants demonstrate exactly how they take each medication on a daily basis. For this task, participants placed beads that represented their pills into a dosing tray with 24 compartments, each compartment representing 1 hour of the day. 38 The participants were able to refer to their pill bottles or medication lists as needed. Assistance by caregivers was not permitted. Demonstrated regimen use scores were calculated for each medication; patients were scored as having answered correctly based on the number of pills per dose, number of doses per day, and correct spacing. A demonstrated regimen use score was calculated by determining the mean percentage correct demonstrated use for all medications. For example, a patient taking 10 medications who placed the correct number of beads at the correct times for seven of the medications would earn a score of 70%.
Medication adherence-
We assessed medication non-adherence using self-report and a biologic measure. Self-reported adherence was assessed for each medication using the validated Patient Medication Adherence Questionnaire (PMAQ). 39, 40 Patients were considered non-adherent if they reported having missed one or more doses of any transplant or chronic disease medication in the previous 4 days. Similar to scores for treatment knowledge and demonstrated regimen use, a mean medication adherence score was calculated for all medications. An additional biologic measure of medication adherence was obtained from the EMR using tacrolimus standard deviation (SD). Among patients taking tacrolimus, the SD was calculated from at least six outpatient values closest to the interview date, as in prior studies. 41 A SD≥2.5 was considered non-adherent based on prior studies that showed tacrolimus SD≥2.5 mcg/dL was associated with non-adherence and graft rejection. [41] [42] [43] As prior studies suggest that patients tend to underreport non-adherence, 8 we used a composite measure of non-adherence that was defined as either self-reported nonadherence or biologic measure (tacrolimus SD≥2.5 mcg/dL).
Clinical outcome data within 12 months of interview-Trained
research assistants obtained clinical information from the EMR at both sites. Clinical outcomes, including hospitalizations (at the site institution), biopsy-proven acute graft rejection, and infections, were abstracted within the medical record by research assistants at each site from 12 months after the interview date. Infections were defined as having positive blood or urine cultures, stool culture positive for Clostridium difficile, radiographic evidence of pneumonia, or positive CMV PCR.
Statistical analysis
2.5.1 Treatment knowledge, regimen use, and medication adherence-We described KT recipients' treatment knowledge, demonstrated regimen use, and adherence to their prescribed IS and non-IS medication regimen across demographic and clinical characteristics of the study population and stratified by medication type (all medications, transplant immunosuppression medications, transplant nonimmunosuppression medications, and chronic disease medications). Chi-squared test, t-tests, and/or Wilcoxon rank-sum tests were used to compare descriptive covariates across exposure and outcome groups. Analysis of variance (ANOVA) was used to compare mean correct scores across categories of covariates. Multicollinearity was examined by examining correlations among variables and calculating variance inflation factors.
Risk factors for regimen knowledge, dosing, and non-adherence-To
investigate patient-and regimen-specific risk factors for non-adherence, limited knowledge about medications, and medication dosing, we used multivariable linear (for outcomes of knowledge and dosing) and logistic (for outcomes of non-adherence) regression models. All demographic and clinical characteristics were examined in bivariate analyses, and covariates found to be associated with outcomes (P<.10) in bivariate analyses were included in multivariable models.
Impact of medication risk factors on clinical outcomes-To examine the
association between treatment knowledge, demonstrated regimen use, and medication adherence and clinical outcomes within 12 months of interview (including hospitalization, infection, and acute rejection), we used multivariable logistic regression models (for any infection or any rejection episode) and a multivariable Poisson model (for number of hospitalizations). The models for hospitalizations included baseline demographics and characteristics associated with the outcome in prior literature [5] [6] [7] 44 as well as those with a P<.10 in bivariate analyses. Model fit was assessed with the Hosmer-Lemeshow statistic. All analyses were performed using SAS version 9.4 (Cary, NC). Results were examined for statistical significance at both the P=.l and the P=.05 level due to smaller sample sizes of stratified analyses.
RESULTS
A total of 184 individuals were contacted to participate; one was deceased, 11 were ineligible, 51 refused, and 22 could not be interviewed due to scheduling conflicts. The final study sample consisted of 99 KT recipients (including n=7 kidney/pancreas recipients) with an overall calculated cooperation rate of 57.6% among those eligible for participation. 12 No differences were noted by age, gender, race/ ethnicity, or time since transplant between patients who participated vs those that did not participate (Table A1 in Appendix 1). Table 1 shows the baseline demographics and characteristics of the study sample. The mean age was 52.5 years (SD=13.2; range: 21-74); patients were predominantly male (66.7%). There was considerable diversity by race/ethnicity and socioeconomic status; 33.7% were African American, 22.2% had less than a high school education, and 44.4% had a household income <$50 000 per year. About a quarter (24.7%) of patients had limited health literacy. In addition, 13% of patients were identified as having mild or severe cognitive impairment, and 9.3% reported inadequate social support. The majority of patients (78.8%) had been transplanted >12 months from the time of the interview; the median time since transplant was 3.5 years (interquartile range 1.1-7.0; minimum: 2 months and maximum: 20.3 years). On average, patients had 1.5 (SD=0.8) chronic comorbid conditions and were taking an average of 10 (SD=4) daily medications, including 2.4 (SD=0.8) IS medications, 0.6 (SD=0.9) non-IS transplant medications, 4.7 (SD=3.0) chronic disease medications, and 2.5 (SD=1.1) OTC products. Table 2 demonstrates the mean scores for the outcomes of treatment knowledge, demonstrated regimen use, medication adherence, and prevalence of clinical outcomes among KT recipients. On average, patients knew the indication for 91% (SD=18) of all their medications. This translated to knowing 91% (SD=25) of their transplant IS, 78% (SD=40) of transplant non-IS medications, and 93% (SD=17) of chronic disease medications. The mean demonstrated regimen use score was 83% (SD=19) for all medications, 76% (SD=33) for transplant IS, 80% (SD=39) for transplant non-IS, and 87% (SD=20) for chronic disease. By self-report, participants were non-adherent to 11% (SD=17) of their medications, 6% (SD=19) of transplant IS drugs, 23 (SD=39) of transplant non-IS, and 13% (SD=23) of chronic disease medications. Nearly, one-third (20.0%) of patients were non-adherent by tacrolimus levels (i.e., had outpatient tacrolimus SD≥2.5). Multivariable results for the outcomes of treatment knowledge and medication adherence by either biologic measure or self-report are shown in Table 4 were independently associated with higher odds of medication non-adherence (P<.05). After adjustment for age, clinical factors, and literacy level, the associations between minority race, study site, and treatment knowledge scores were attenuated and no longer significant, however, approached significance with a P value of .09 and .18, respectively.
Clinical outcomes within 12 months of interview
Acute rejection within the 12 months following the interview was rare (6%), whereas infections (18%) and hospitalizations (15%) were slightly more common (Table 1) . No multivariable analyses were conducted using graft rejection or infection outcomes due to the small number of events and since no covariates were significant in bivariable analyses. Detailed hospitalization data are presented in Table A2 in Appendix 1. A total of n=15 patients were hospitalized within 12 months of the interview. Five patients were hospitalized once, four patients were hospitalized twice, two patients were hospitalized three times, and four patients were hospitalized four or more times within the year following the assessment. The most common reasons for hospitalization were infection/fever (17.5%), renal complications (17.5%) such as acute kidney injury, renal calculi, urinary retention, immediate postsurgical complications (15%) such as wound infection, urinoma, and gastrointestinal symptoms (15%). Other medical complications such as fatigue and anemia accounted for 12.5% of hospitalizations, whereas suspected or confirmed graft rejection accounted for 7.5% (Table A2 in Appendix 1). Bivariable and multivariable analyses examining factors associated with higher hospitalization rate are described in Table 5 . In bivariable analysis, minority race and medication non-adherence were associated with posttransplant hospitalizations, whereas older age was associated with a lower risk of hospitalization. In a multivariable model, minority race/ethnicity (RR: 2.30; 95% CI: 1.06,4.96) and income <$50 k(RR: 3.25; 95% CI: 1.18 to 8.92) were associated with a higher rate of post-transplant hospitalization and older age was associated with a lower rate (RR: 0.97; 95% CI: 0.94, 0.99).
DISCUSSION
In this study of KT recipients in two large transplant centers in the USA, we found that nearly one-quarter of patients had limited literacy and that patients with limited literacy were more likely non-adherent. Among this patient population taking on average of 10 medications per person, nearly one-third had frequent medication changes. In addition, minority race and lower income were associated with a higher rate of post-transplant hospitalizations. These results suggest that identification of factors that predispose this patient population to medication misunderstanding, non-adherence, and hospitalization could help target appropriate self-care interventions to improve outcomes following kidney transplantation.
A recently published study by our group examining outcomes in the post-liver transplant population showed that limited literacy was associated with reduced treatment knowledge and non-adherence, whereas lower medication knowledge was associated with increased risk of post-transplant hospitalization. 45 Our findings from this study confirm that KT recipients are prescribed exceptionally complex, multidrug regimens, requiring patients to take on average 10 medications per day with frequent medication changes. We found that despite this high number of medications, the mean proportion of medications that patients classified correctly was 91%, although 22% of patients were unable to identify the indication for transplant non-IS medications. Patients taking more medications, those with lower literacy, and cognitive impairment had less medication knowledge. Limited literacy was present in about one-quarter of the study sample-this is slightly lower than the roughly 40% reported by Escobedo and Dageforde et al.; however, our patient sample may not have been representative of the US population due to the exclusion of transplant recipients with limited English proficiency. 15, 46 We found that medication non-adherence was common in our population, where 35% of patients were nonadherent based on either self-report or biologic (tacrolimus) measures. Furthermore, in bivariable analyses, non-adherence was associated with increased rates of post-transplant hospitalizations.
A recent consensus conference on non-adherence to IS in transplantation highlighted substantial challenges in accurately assessing medication non-adherence suggesting the utility of measuring non-adherence with complementary methods (such as observation and self-report) and the importance of considering socioeconomic, behavioral, and patient factors when trying to understand non-adherence behaviors. 44 In this study, we broadly evaluated both medication-related and patient-related risk factors for medication misunderstanding and non-adherence in transplantation. In multivariable analyses, patients within 12 months of transplant and those with limited health literacy were more likely to be non-adherent based on either self-report or biologic measures. Our finding that nonadherence is more prevalent within 12 months vs after 12 months of transplantation appears to be in contrast to previously published reports that show adherence waning over time. [47] [48] [49] [50] However, the higher prevalence of early post-transplant non-adherence may be unintentional and may be partially due to the number of new medications a patient must take and the high medication complexity during this time period. 51 Interventions addressing post-transplant non-adherence may need to be individually tailored to the specific adherence barrier (e.g., medication confusion vs forgetfulness), and the tools used in this study to assess patients for non-adherence could have practical value in identifying patients who would benefit from such interventions.
Health literacy encompasses an individual's ability to effectively interface with the healthcare environment and limited literacy affects about 80 million US adults. 52 In the general chronic disease population, multiple studies have linked limited literacy to worse clinical outcomes such as poor diabetic control, medication non-adherence, increased hospitalizations, and mortality. 28 In transplantation, where medication regimens are very complex and patients may have significant comorbidities, interventions to address literacy disparities could result in lower non-adherence. A recent study by Dageforde et al. examining health literacy among KT recipients found that patients with deceased donor kidneys had lower health literacy than patients who received a living donor transplant. 15 Establishing health literacy as a potential risk factor for poorer medication self-management in transplantation may have important implications for clinical practice. Strategies to help patients who may have limited health literacy could include providing tools to decrease medication complexity, care coordination assistance via more simplified patient instructions or additional counseling, enhancement of medication labels using plain language, and providing at-risk patients with periodic monitoring and feedback. 18, 53, 54 To our knowledge, this study is the first to extensively assess patients' understanding of their entire medication regimen, rather than measuring only missed or incorrect doses, and to study the associations between treatment knowledge, demonstrated regimen use, and clinical outcomes. While previous studies have reported associations between IS non-adherence and late acute rejection, 6 our findings suggest that patients' understanding and use of their entire regimen is critical; future studies should confirm this in larger, prospective studies. A recent systematic review evaluating the effectiveness of medication adherence interventions among KT recipients and adults with chronic disease found that multidimensional interventions, such as those that include educational as well as behavioral changes, and in particular dose administration aids that were used in conjunction with self-monitoring interventions, were most effective. [55] [56] [57] Because prior studies have shown significant variation in how patients are educated about transplant medication adherence across transplant centers, 58 it may be important to standardize such interventions in practice. In fact, we did find some evidence of differences in treatment knowledge scores across our study sites that were not fully explained by differences in demographics, literacy, and cognitive function, and thus may partially reflect center-level variation in post-transplant patient education practices. In addition, routine assessment of patient understanding of their prescribed IS and non-IS regimen, in addition to measuring adherence via conventional methods, may help identify atrisk patients earlier and prevent adverse events. Screening for unintentional misuse in practice could involve a "teach back" where nurse coordinators or pharmacists ask patients about the indications of their medications and observe the patient dosing their medications. 59 Future studies examining the effectiveness of medication adherence interventions should examine outcomes such as adverse medication events, side effects, costs, infections, and hospitalizations prospectively.
While this study addresses important gaps about medication-taking behavior and clinical outcomes in a large diverse sample of KT recipients from two large US transplant centers, the results have a number of limitations. Study participants may have been a more adherent group, which could lead to an underestimate of the true rates of medication misunderstanding, non-adherence, and adverse clinical outcomes among the kidney transplant recipient population of our two centers. However, no significant differences were noted in terms of demographics or time since transplant between patients who participated in the study and those who did not. Self-reported non-adherence measures may have underestimated the true prevalence of non-adherence, while tacrolimus trough (biologic nonadherence) data were not available for all of the patients. Due to a modest sample size, we may have been limited in our ability to assess factors associated with post-transplant rejection and infection; larger studies should assess these associations prospectively. Furthermore, given the limited sample size, effects that were not statistically significant may still potentially be important factors due to the potential for type II error. Information on patients who were retransplants was not specifically collected; patients receiving a second kidney transplant may have had higher or lower adherence depending on the specific reasons for previous graft failure. Only patients proficient and fluent in English were recruited, potentially limiting generalizability. However, compared to the national kidney transplant recipient population, our study population was slightly older (20% age >65 vs 10% nationally). 60 We may have been unable to capture some episodes of rejection in cases where biopsies were not performed, and hospitalization outside of the two study sites was not captured in this study. We cannot assess causality and make a direct link between demonstrated regimen use or non-adherence and increased risk of hospitalizations. However, we think this exploratory study is an important step to generate hypotheses about the potential relationships between medication behaviors and outcomes. While we did use several validated measures to assess important behaviors and patient characteristics, an additional limitation is that not all measures examined were validated. We used theoretical scenarios and a dosing exercise instead of observing actual patient behavior and did not assess the role of caregivers in post-transplant adherence. An additional limitation is the use of the MMSE to assess cognitive impairment, as this validated test is not as sensitive to mild cognitive impairment as some other validated instruments such as the Montreal Cognitive Assessment.
Despite these limitations, this study identified important socio-demographic, cognitive, and clinical factors that may predispose KT recipients to medication misunderstanding, nonadherence, and hospitalization. While the problem of IS non-adherence has previously been described in transplantation, this study provides detailed characterizations of patients' knowledge and demonstrated use of their entire medication regimens. In addition to prospectively validating our findings in a larger sample, multifaceted and cost-effective interventions using existing transplant center resources are needed to improve patients' ability to properly manage complex drug regimens and to optimize long-term post-transplant outcomes among KT recipients.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Conceptual framework for medication self-management. Medication self-management for transplant recipients is a multistep process by which organ transplant recipients take their medication. The patient must first fill the prescription, and then, the patient should be able to correctly name, identify, and understand the medication. The third step is organization of multiple medications into the appropriate dosing frequency. Next, actually taking the medication at the correct dosage is essential. For those who are on complex or multiple medications, monitoring medication changes is essential. Finally, patients must sustain medication behaviors indefinitely to achieve medication self-management Chronic disease 87±20 Non-adherence score by self-report (%), M±SD
All medications 11±17
Transplant IS 6±19
Transplant non-IS 23±39
Chronic disease 13±23
Non-adherence by biologic measure (tacrolimus SD>2.5 mcg/dL) N (%)
20 (23) Non-adherence by either self-report or biologic measure a , n (%)
(35)
Clinical outcomes 12 months after interview Hospitalization, n (%) 15 (15) Graft rejection, n (%) 6(2) Infection, n (%) 11 (11) M, mean; SD, standard deviation; IS, immunosuppression.
Treatment knowledge=correctly identified indication for all medications. Demonstrated regimen use=correctly demonstrated dosing during the interview.
Non-adherence score by self-report=mean % non-adherence for all medications within past 7 days (score of 0=perfect adherence).
a Composite measure of non-adherence was defined as non-adherence to any medications by self-report, combined with non-adherence as determined by tacrolimus levels; tacrolimus data only available for n=62 patients. Composite measure of non-adherence was defined as non-adherence to any medications by self-report, combined with non-adherence as determined by tacrolimus levels.
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